El cambio de uso del suelo representa uno de los grandes desafíos que se antepone a la sostenibilidad, debido a que contribuye al cambio climático y a la pérdida de biodiversidad. Ante esto, y con base en el desconocimiento de los patrones de cambios de usos del suelo y sus efectos en los ecosistemas de Huimanguillo, Tabasco, se planteó realizar un análisis con Land Change Modeler (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009) (2010) para estimar la distribución de las coberturas naturales con mayor presión ambiental. A partir de ello se construyó una proyección con Cadenas de Markov y Autómatas Celulares (2030). Así, durante 2000 y 2010 se detectaron importantes ganancias en los humedales (39 236 ha) y en la vegetación arbórea (24 773 ha), lo cual es favorable para el mantenimiento de los servicios ecosistémicos. Sin embargo, se registraron aumentos en la zona urbana (1 266 ha) con disminución en la agropecuaria (53 639 ha), aunque esta aún constituye la mayor superficie en el territorio. Además, con el análisis espacial del 2010 contra la proyección 2030, se detectó que continuaron las tendencias de crecimiento de los humedales (7 197 ha), vegetación arbórea (9 937 ha) y uso urbano (1 498 ha); así como la disminución del área agropecuaria (16 433 ha). Este estudio generó información cartográfica útil para la definición de las estrategias y políticas de planificación territorial, que conlleve a la implementación de un modelo de ordenamiento ecológico territorial de desarrollo urbano, y, en su caso, al decreto de áreas naturales protegidas.
Introduction
The change of land use is one of the challenges that the sustainability plans face today, as it contributes to climate change and to the loss of biodiversity (Mahmood et al., 2010) . The factors that drive this change vary from one region to another as well as through time (Rudel et al., 2009) , due to the presence of such phenomena as population growth, globalization and the opening of the export market, which may modify the land conversion scenario in the future (Schmitz et al., 2015) .
Since the 1960s, there is a clear tendency in Mexico to transform forests into agricultural lands where rain-fed crops are prevalent (Rosete-Vergés et al., 2014) . This is particularly important, because the conversion of rain forests into agricultural areas entails the elimination of carbon sink that contributes to global climate change (Zheng et al., 2013) . Land conversion in Mexican territory, particularly due to deforestation, has different causes, according to the region, which are most directly linked to environmental and socioeconomic factors and to public policies (Masera, 1996) .
In Tabasco, the change of land use has been dramatic in terms of deforestation; Tudela (1992) points out that, in 50 years, almost all the rain forest cover in the state was lost. Toward the 1960s, supported by the oil boom, the federal declaration for the purpose of producing large amounts of basic grains, which was the source of the Chontalpa Plan, stimulated the economy through the construction of infrastructure and the resulting population growth that favored the creation of such great urban centers as Cárdenas, Huimanguillo, Comalcalco, Centla, Paraíso and Macuspana (Pinkus-Rendón and Contreras-Sánchez, 2012) .
Today, these effects are more visible because the macroeconomic stimulus through the demand of agricultural products and commercial livestock rearing has favored the rise of their prices in the national and international market, which in turn favors the conversion of vegetal covers into great farming areas. Such is the case of the Huimanguillo municipality, where citriculture, stockbreeding and forest plantations (eucalyptus, rubber, and oil palm) have increased their surface area in the last few Revista Mexicana de Ciencias Forestales Vol. 10 (53) May -June (2019) decades (Palma-López et al., 2011) . Without a doubt, the modification of land use in Tabasco has been largely driven by the search for economic growth, as has historically been the case of developing countries (Dewan and Yamaguchi, 2009 ).
The study of the change of land use is central in environmental research, as it is crucial for the assessment of the environmental impact in order to predict environmental and socioeconomic scenarios and establish territorial planning policies (Paegelow et al., 2003) . As for the current uses of the land in the Huimanguillo 
Materials and Methods

Study area
The Huimanguillo municipality, Tabasco (Figure 1) is located in the basin of the while that corresponding to the year 2010 was created with the SPOT image with a false color (RGB 1, 2, 3) (Ramos-Reyes et al., 2016) ; the softwares Quantum GIS ® and Arc GIS 10.5 ® were utilized; the in-field verification was carried out using GPS equipment. Later, the vectors were transformed to a raster format with a 50 m pixel size, using the software IDRISI Selva ® .
The theme categories were: 1) wetlands (continental and coastal lagoons, hydrophilic vegetation, and mangroves); 2) arboreal (high evergreen rain forest, secondary vegetation and forest plantations); 3) agricultural (grasslands utilized for stockbreeding and agricultural crops, and 4) urban lands (human settlements and highways).
Land-use change modeling (2000-2010)
The module utilized was the IDRISI Selva ® Land Change Modeler (LCM), as it is oriented toward the constant problem of the accelerated conversion of the land and to the analytic needs of the preservation of biodiversity; it includes both the data analysis and the notion of land use changes and prediction of scenarios (Eastman, 2012) . The IDRISI Selva ® CrossTab module was also utilized to generate a matrix of change probabilities (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) which estimated a kappa statistic equal to 0.795. According to Eastman (2012) 
Change rates
The land use change rates were estimated using the formula developed by Palacio-Prieto et al. (2004):
Where:
Ar = Annual change rate (%) S1 = Surface area covered at the beginning of the period (ha) S2 = Surface area covered at the end of the period (ha) n = Number of years of the period
Land use projection (2030)
The Markov chains simulate the prediction of the status of a system at a given time, based on two previous statuses (Eastman, 2012) . It is a discrete procedure at a discrete time, in which the value at the time t1 depends on the values at the times t0 and t-1. The prediction materializes in a series of land use maps for a future time, in which the digital level of each pixel expresses the probability of belonging to the analyzed use (Eastman, 2012) .
Cellular automata work like a set of identical elements known as cells, each of which occurs in a discrete space (Clarke and Gaydos, 1998) . The same authors mention that these spatial units contain a history and an evolution of change through time, as well as such rules as the influence of the cells of adjoining a central cell.
The chains of Markov were utilized to calculate the probability of change from one pixel to another and to generate a matrix of probability of transition (Eastman, 2012) . For this purpose, the 2000 and 2010 land use maps were utilized, and the Markov module of the IDRISI Selva ® software was run; a 20-year interval was considered (2030). The results were: 1) a matrix of probabilities of transition, 2) a matrix of transition areas, and 3) a collection of images representing the probabilities of transition for each of the four land use categories considered (2030).
The land use map for the year 2010, the matrix of probabilities of transition (2030), and the collection of images of probabilities of transition (2030) generated were subsequently combined using the (CA-Markov) Cellular Automata module of the IDRISI Selva ® software (Eastman, 2012) , in order to obtain the map for the 2030 projection. The suitability of the model was assessed by comparing the similarity between the image for 2010 and the projected map for 2030, using the VALIDATE module (Eastman, 2012) . The kappa statistic indicated that the values of the K standard (0.9574), Kno (0.9693), and Klocation (0.9837) were near 1; i.e., they are accurate for building scenarios (Eastman, 2012; Ahmed et al., 2013) .
Change of land use (2010-2030)
The image for 2010 was overlapped on the projection for 2030 (CA-Markov) by means of the Land Change Modeler and CrossTab modules in order to obtain the change matrices and the near 1 kappa statistic (0.9574); therefore, it is an acceptable, reliable image of the spatial dynamics of the territory (Eastman, 2012) . Persistences, gains, losses and contributions between categories and change rates for the 2010-2030 period were thus estimated.
Results and Discussion
Change of land use 2000-2010
The Land Change Modeler proved that, during the 2000-2010 period, the land use with the greatest persistence was agricultural (83.0 %), followed by wetlands (11.5 %), arboreal vegetation (5.0 %), and the urban area (0.6 %) (Table 1; Figure 2 ).
The surface area gains in the wetlands (39 236 ha) and in the arboreal vegetation (24 773 ha) surpassed the losses and exhibited increase rates of 0.5 % and 4.0 %, respectively (Table 1 ). These gains, as a whole, are very favorable for maintaining Ramos et al. , Spatial analysis and geomatics of land use changes… the ecosystem services in the study area, including the water and food supply, the conservation of the biodiversity, the regulation of the climate and of the floods, and the protection of the coast (Kandus et al., 2010; Balvanera, 2012) . (2019) Notably, the categories that contributed to the increase of the wetlands were, firstly, the agricultural area, with 3 744 ha, followed by the arboreal vegetation, with 191 ha; the growth of the latter is due to its regeneration, mainly on 12 609 ha that had previously been used for agriculture ( Figure 3) . However, despite the gains in the wetlands (Table 1) The gains in arboreal vegetation (Table 1) The agricultural surface area exhibited great losses (53 639 ha), with a negative change rate of 0.6 % (Table 1) . Besides contributing to the growth of the wetlands and of large surface areas of tree vegetation, a third cause of the reduction of the agricultural land use was the growth of the urban area (932 ha) ( Figure 3) .
The urban area exhibited important gains (1 266 ha), with an annual growth rate of 6.3 % (Table 1) . It grew considerably at the expense of the wetlands (260 ha) and of the tree vegetation (75 ha) ( Figure 3) ; furthermore, this took place in the outskirts of previously established cities and close to the highways, where residential areas have been built (Periódico Oficial, 2016) .
The analysis with LCM defined the land cover categories that contributed to the loss or gains of other categories (Figure 3) . However, the existence of variables that influence the dynamics of each land use category must be taken into account. For example, the physical (slope, relief, orientations, etc.); socioeconomic (population density, distance to highways, distances to residential areas, shopping malls and factories), and environmental (protected natural areas, wetlands, soil type, etc.)
variables (Pontius, 2000; Paegelow et al., 2003; Palomeque-De la Cruz et al., 2017) .
The development of the municipalities in Mexico must consider an environmental planning that includes the legal declaration of protected natural areas, work lands for the population and homes built in non-vulnerable areas (Benítez et al., 2012) . In
Tabasco, one of the goals of the Program on Ecological Zoning (Poet) (Galindo et al., 2006) is: "To orient and assess the establishment and development of the productive activities, human settlements and the conservation of natural resources, regulating and reducing environmental impacts."
In response to this program, in the Huimanguillo municipality, the decree on natural protected areas in the northeast and southwest must be implemented in the short term, in order to regulate land use in the high evergreen rain forest, the mangroves, the hydrophilic vegetation, and the secondary vegetation (Figure 4) , given that the present study registered significant persistences and gains for these covers. However, the application of the laws and programs for the management and urbanization in the country have been insufficient, and therefore, the growth and development of Mexican municipalities entail threats to the conservation of the biodiversity and human welfare (Bazant, 2010; MacGregor-Forsy and Ortega-Álvarez, 2013) . In this regard, the problem of irregular settlements in areas with a high of floods and other natural phenomena needs to be solved. Likewise, the anarchic growth of residential developments and condominiums, which has generated the accelerated change in the registered land use, must be stopped (Periódico Oficial, 2016) .
The city of Villa la Venta, the seat of the municipal government of Villa Chontalpa, stands out among the priority areas that require a planned urban development (Periódico Oficial, 2016) . The creation of a municipal zoning plan (PMOT) that will contribute to a sustainable development is crucial; likewise, it is indispensable to develop in the short run the Municipal Program of Urban Development (PMDU); this must indicate the orientations of urban development, determining the land uses, identifying the natural and agricultural spaces to be preserved, and defining the strategic urban projects for the municipality (Periódico Oficial, 2016) .
Land use spatial projection (2030)
Modeling with Markov chains generated a matrix of probabilities of transition (2030) that showed the four categories of land use with probabilities of exhibiting significant transitions of surface area in 2030 with respect to 2010 (Table 2 ). This is due to the fact that modeling with Markov chains is linear and does not take into account the influence of external factors on the land use change (Pontius, 2000; Reynoso-Santos et al., 2016) , but is based exclusively on the internal dynamics of the system (Paegelow et al., 2003; Reynoso-Santos et al., 2016) . This matrix, combined with the (CA-Markov) cellular automata model was the basis for the creation of the 2030 spatial projection ( Figure 5 ). 
Change in land use, 2010-2030
Based on the LCM analyses (for the 2010-2030 period), gains in the wetland covers (7 197 ha), tree vegetation (9 937 ha) and urban zone (1 498 ha) (Table 3) were detected; these were also evidenced in their change rates (Table 3) . The categories that contributed to the increase of the wetlands were initially, the agricultural lands, with 2 625 ha, followed by the tree vegetation, with 1 618 ha ( Figure 6 ), whose high growth took place at the expense of 9 857 ha of agricultural land ( Figure 6 ). The agricultural use as a whole lost large surface areas (13 510 ha), due to the growth of the urban area, the wetlands and the tree vegetation ( Figure 6 ).
The urban area grew, basically, on large agricultural surface areas (1 028 ha), on 333 ha of wetlands, and on 137 ha of tree vegetation ( Figure 6 ). The distribution of the natural covers and the artificial uses, as well as the probabilities and the spatial projection of the change in land use for the year 2030, were detected based on the Markov chains and the cellular automata.
The cartographic information thus generated is essential for the creation of future environmental planning projects in regard to the potential land-use change scenarios, in order to avoid poorly planned development policies for the Huimanguillo municipality.
It is necessary to use the spatial models of the land-use change in order for the authorities and land-use planners to understand the scope of the changes and the risks that these imply. Furthermore, the registered modifications make it possible to identify the factors that are causing them, and therefore they are useful for following up the ecological zoning of the territory (Jiménez-Moreno et al., 2011).
Conclusions
The Land Change Modeler (LCM), Markov chains and cellular automata detect the land use changes for the 2000-2010 period, the probabilities and the spatial projection for the year 2030 in the municipality of Huimanguillo, Tabasco, with great accuracy.
There are records of important gains of the natural covers as a whole (64 009 ha), which are quite favorable for the maintenance of the ecosystem services. Also notably, the growth of the ecosystems, between increases of the urban area and the losses of agricultural areas will continue in the year 2030. This study highlights the importance of developing a municipal zoning plan (PMOT) that will seek to contribute to a sustainable development; likewise, a Municipal Urban Development Program (PMDU) must be developed in the short run, orienting it through the establishment of land uses; at the same time, protected natural areas must be decreed in the northeast and southwest of the municipality, in order to regulate the land use and contribute to the conservation of the high evergreen rain forest, the mangroves, the hydrophilic vegetation, and the secondary vegetation that still persist.
